The effect of hydroclimatic conditions on phytoplankton was investigated in Ejirin, part of Epe lagoon, south-western Nigeria from December, 2012 to May, 2013. The data obtained for hydroclimatic features responded to rainfall pattern during the study period. The water remained acidic throughout the sampling period as pH value was ≤ 6.6 and salinity value ≤ 0.01%. The micronutrients varied throughout the sampling period and showed a correlation with rainfall. Chlorophyll a (Chl. a) concentration showed a correlation with conductivity, rainfall and surface water temperature, with a mean value of 0.021 mg L -1 . Transparency, salinity, silicate and reactive phosphate showed a dominant effect on the phytoplankton community. The total number of phytoplankton species recorded during dry months differed significantly with that of the wet months (t* = 2.723, P > 0.05). A total of 105 species belonging to 5 divisions were recorded throughout the study period: Bacillariophyta (81.3%); Cyanobacteria (10.71%); Chlorophyta (6.5%), Eugleanophyta (1.35%) and Chrysophyta (0.13%). Diatoms were the dominant species in both the dry and wet months with 12 centric and 35 pennate forms. Phytoplankton density correlated significantly with silicate and TDS, indicating the possible effect of silicate on the diatoms and TDS on the whole community.
INTRODUCTION
Good water quality depends largely on a number of hydroclimatic conditions (such as total dissolved solids (TDS), total suspended solids (TSS), pH, DO, conductivity, transparency, micronutrients, etc.) and the magnitude and sources of any pollution load. To effectively monitor the environment, assessment of these parameters is very essential. Water quality assessments of any region are important for the region's development because of the importance of water for domestic, industrial and aquaculture activities.
Lagoons dominate the southwest region of Nigeria and as such are important aquatic ecosystems that have attracted so many scientific researches. Lagoons in this region are interconnected and run parallel to the coastline of the Gulf of Guinea over a distance of 237 km (Hill and Webb, 1958) . Ejirin tributary drains into the Epe lagoon, which is one of the nine lagoons in the coastal area of south-western Nigeria. The coastal waters of southwestern Nigeria constitute numerous ecological niches that support various biodiversity (Onyema and (Hill and Webb, 1958; Olaniyan, 1969; Ezenwa, 1981; Nwankwo, 1984) . Rainfall plays an important role in the tropics, diluting the ionic concentration of the coastal waters and breaking down horizontal environmental gradients. Precipitation introduces chelating agents, pollutants as well as increasing nutrients levels of the receiving water body.
The use of chlorophyll a to measure algal biomass and pollution status of aquatic environments has gained grounds worldwide (Lee, 1999; Suzuki et al., 2002) . Composition and biomass of phytoplankton are very important parameters for understanding the structure and trophic level of aquatic ecosystems. The primary importance of phytoplankton in trophic relationships as autotrophs and their bio-indicator value have been assessed and reported in several literatures (Palmer, 1969; Vanlandingham, 1982; Dakashini and Soni, 1982) . Onyema (2007) reported that phytoplankton satisfy conditions to be qualified as suitable indicators in that they are simple, capable of quantifying changes in water quality, applicable over large geographical areas and can also furnish data on background conditions and natural variability of aquatic ecosystems.
This study was conducted within the Ejirin tributary of Epe lagoon at the southwest region of Nigeria and aimed to assess the response of phytoplankton to hydroclimatic changes and to evaluate the dominant hydroclimatic factors.
MATERIALS AND METHODS

Study area
Ejirin is part of Epe lagoon found in south-western Nigeria located in Lat. 6° 89΄΄ N and Long. 3° 38΄΄E (Figure 1 ). Epe is a freshwater non-tidal lagoon. Epe lagoon is sandwiched between Lekki lagoon to the east and Lagos lagoon to the west. It experiences the same hydroclimatic conditions as the rest of south-western Nigeria which has two main seasons (wet and dry season). The littoral vegetation are dominantly Raphia plam and some dotted mangroves while the water surface is dominated by some floating macrophytes like water hyacinth (Eichhornia crassipes). The inhabitants of this region are mainly artisanal fishermen, sand miners and petty traders.
Sampling of hydroclimatic conditions
Water samples were collected on each trip from December, 2012 to May, 2013 between 9 am and 1 pm and stored in a 1000 ml well labeled screwed caped plastic bottles and transported to the laboratory in an ice chest. Four replicate samples were made on each trip for the following analysis, micronutrients, biological oxygen demand (BOD), chemical oxygen demand (COD) and chlorophyll a content. Surface water temperatures were measured in situ using a mercury-in-glass thermometer and recorded to the nearest 0.1°C. Transparency was determined using a 20 cm white painted secchi disc while pH was measured using a Graffin digital pH meter. Dissolved oxygen concentration was determined by unmodified Winkler method (Welch, 1948) , conductivity was assessed using the meter, Philip PW9505 and chemical oxygen demand and biochemical oxygen demand values were determined using the method described in American Public Health Association (APHA) (2005) . Nitrate-nitrogen, reactive phosphorus, sulphate and silicate were measured as described by APHA (2005) .
Phytoplankton studies
The plankton haul was made using a 55 µm mesh size of net tied unto a motorized boat and towed for 5 min at a low speed (4 knots). Plankton sample was preserved immediately by fixing in 4% unbuffered formalin solution. The density of phytoplankton was determined using the sedimentation technique as described by Lund et al. (1958) . One millimeter each of shakened sample was observed using a CHA and CHB binocular light microscope with a calibrated eye piece using the ×160 and ×640 fields. Phytoplankton species were identified using relevant texts (Smith, 1950; Vanlandingham, 1982; Whitford and Schmacher, 1973; Cushing, 1975; Biggs and Kilroy, 2002) . The phytoplankton count was expressed as units per ml (filaments, colonies or single cells).
Statistical analysis
Statistical package for social sciences (SPSS) (version 18) was used to analyzed Pearson's correlation relationship between phytoplankton density and hydroclimatic variables (temperature, conductivity, salinity, total monthly rainfall, total dissolved solids (TDS), total suspended solids (TSS), transparency, pH and micronutrients) and principal component analysis (PCA) which was used to assessed the phytoplankton respond to the environmental variables. Minitab 23 was used to analyse the dendrogram plot to evaluate the effect of environmental variables on phytoplankton density and PAST (version 3) was used to compute species diversity. T-test analysis was carried out to evaluate the statistical difference (P > 0.05) between seasonal (wet and dry) abundance of phytoplankton community. Standard deviation and mean analysis was also evaluated for the hydroclimatic values using Minitab 23. . Total suspended solids (TSS) values were higher in the dry months than wet months while total dissolved solids (TDS) values were higher in the wet . It showed a strong significant positive correlation with surface water temperature (0.817*; P ≤ 0.05), conductivity (0.827*, P ≤ 0.05) and rainfall (0.862**, P ≤ 0.01). Biochemical oxygen demand (BOD) and dissolved oxygen (DO) fluctuated greatly throughout the study . COD showed a positive correlation with surface water temperature (0.632, P ≤ 0.05), pH (0.740, P ≤ 0.05) and rainfall (0.587, P ≤ 0.05).
RESULT
Phytoplankton community
A checklist of phytoplankton species at the Ejirin tributary between December, 2012 and May, 2013 is presented in Table 2 . A total of 105 species were recorded throughout the study period with a total number of taxa varying from 20 in December, 50 in January, 40 in February, 59 in March, 59 in April to 31 in May. Five divisions were recorded during the study including; Bacillariophyta (81.3%), Cyanobacteria (10.71%), Chlorophyta (6.5%), Euglenophyta (1.35%) and Chrysophyta (0.13%) ( Figure  2 ). Diatom populations during both seasons were dominated by 12 centric diatoms and 35 pennate diatoms, with the highest number recorded in the wet months. Phytoplankton density showed a strong negative correlation with turbidity (-0.803, P ≤ 0.05) and reactive nitrate (-0.639, P ≤ 0.05), and a positive correlation with pH (0.689, P ≤ 0.05), rainfall (0.522, P ≤ 0.05) and sulphate (0.632, P ≤ 0.05). Phytoplankton density significantly correlated strongly with TDS (0.821*, P ≤ 0.05), COD (0.937**, P ≤ 0.01) and reactive silicate (-0.847*, P ≤ 0.05), and weakly correlate with chlorophyll a (0.084, P ≤ 0.05) as shown in Table 3 . Species diversity was relatively high in the wet months than in the dry months. Species diversity showed a positive correlation with TDS (0.536, P ≤ 0.05) and salinity (0.492, P ≤ 0.05).
DISCUSSION
Hydroclimatic features
The surface water temperature reported from the study is notable for tropical waters (Inyang et al., 2015; Nwankwo, 1984) . The higher water temperature in January could be as a result of time of collection and heat capacity of water. Throughout the study duration the water remained fresh indicating the absence of salt water. Salinity concentration of any water has an inverse relation with DO saturation. Base on this, the observed DO values were not influenced by salinity level rather by biological activities such as photosynthesis and bacterial respiration. The positive significant correlation between salinity and reactive phosphate showed that salinity level play an important role in the phosphate availability.
Rainfall is ecologically important for coastal waters of the tropic. Flood caused by precipitation enriches the coastal environmental gradients through horizontal and vertical dimension. Seasonality in the tropics influences hydrological factors. Thus seasonal patterns during the study influenced these parameters: transparency, total dissolved solids and total suspended solids increasing with the onset of rainfall. Conductivity level of an aquatic ecosystem is TDS dependent. Therefore, the positive correlation between rainfall and conductivity could be as a result of dissolution of conductivity increasing substance which affects the TDS. The sudden drop in TSS values during wet months could be due to the short resident time of the suspended particles in the water channel as it drained faster into the lagoon. Water temperature, rainfall and chlorophyll a content controlled the conductivity level in the system (Figures 3 and 4) . Phytoplankton activity which was measured by chlorophyll a showed a high controlling factor with conductivity more than with rainfall and water temperature. Because increase in CO 2 dissolution encourages phytoplankton productivity and as well increases the conductivity level through formation of carbonate ionic system. Heavy rainfall recorded in May caused dilution of surface water and flood which may lower and increase the conductivity level, respectively. Agricultural runoff or sewage seepage from the catchment area could increase conductivity level due to the addition of chloride, phosphate and nitrate ions. Increased temperature increase the conductivity level The micronutrients concentration increased as precipitation rate increased probably due to input from the wetlands. A strong significant correlation between phosphate and salinity indicates that the phosphate was not obtained from bacteria decomposition of organic matter and plankton excretion rather it was derived from precipitation and disassociation of phosphate-rich particles. On the other hand, reactive nitrate showed no significant correlation with salinity, indicating that part of nitrate were decomposition products of organic matter and plankton excretion. Odum (1959) related pH levels to the amount of carbonate present in the water and often considered it as indicator of the aquatic chemical environment. The observed pH value (pH ≤ 6.6) falls within the range reported by Nwankwo and Ankinsoji (1992) , for Epe lagoon. The pH value could be controlled mainly by freshwater swamp exudates that regulate the acidity of the water body. The high value of dissolved oxygen observed in January could be as a result of combined photosynthetic activity of algae and wind mixing, whereas the low value may be attributed to a relatively high water temperature and microbial activity that used up the oxygen in the water column. Dissolved oxygen showed a significant positive correlation with silicate and transparency, indicating that silicate affects DO Variables Similarity saturation indirectly through its direct effect on diatom productivity. Diatoms use silicate for it frustules growth and by photosynthesis, oxygen is produce.
Transparency is considered as an important parameter of trophic status of coastal waters. It depends on the intensity of sunlight, suspended soil particles, turbid water received from catchment area and density of plankton (Mishra and Saksena, 1991) . Its low value during wet months could be as a result of inflow of turbid flood water from the catchment area. Positive correlation of transparency with DO indicated that transparency affects DO saturation directly. The lower the transparency value, the lower the DO saturation and vice versa. Low transparency means high TSS concentration, high water temperature, low light intensity and high bacterial activity. These effect combined may affect the DO saturation of the water.
According to Hynes (1960) , BOD levels between 1 to 2 mg L -1 or less signifies clean water; 4 to 7 mg L -1 denotes slightly or moderately polluted water, and more than 8 mg L -1 denotes severe pollution. Therefore base on the above criteria, the site was relatively clean except for December and March where level of contamination were reported. The low content of Chl. A recorded in March could be as a result of low nutrient level while the high content recorded in May being the onset of wet season does not reflect the nutrient status but could be as result of input of photosynthetic organisms into the water by flood. Chl. A content showed a strong significant correlation with conductivity, water temperature and rainfall (r = 0.827*; r = 0.817* and r = 0.862*, respectively, P > 0.05). This could explain a strong relationship of rainfall with water chemistry of tropical aquatic ecosystem.
However the weak correlation of chlorophyll a content with the total number of phytoplankton may show that chlorophyll a content do not actually represent the number of phytoplankton density. This could be as a result of sampling technique adopted. Since the surface water sample was collected by simple scooping and thus contain a small fraction of phytoplankton. Its strong negative and positive correlation with turbidity and pH, respectively may explain the possible effect of these factors on phytoplankton community. The phytoplankton abundance in the wet months differed significantly with that of dry months (t* = 2.723; P > 0.05). This could be as a result of conditions during this period that favored the multiplication of algae and additional inputs of phytoplankton by the flood.
Biological characteristics
The algal spectrum observed showed a higher density in the wet months than in the dry months with diatoms as the dominant dominance species. This could be as a result of favorable conditions and perhaps addition of phytoplankton cells through flood. The abundance of pennate diatoms in the plankton community during the wet months suggests their dislodgement from the substratum probably during high water discharge. Therefore, phytoplankton community has shown significant respond to changes in hydroclimatic variables such as TDS, silicate, turbidity, pH, transparency and rainfall. This explains the effect of these variables on the phytoplankton. Transparency and TDS showed dominant role among the hydroclimatic variable measured.
